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GROWTH INHIBITORS AND METHODS OF TREATING CANCER AND 
CELL PROLIFERATIVE DISEASES 

Field of the Invention 

5 

This invention relates to the use of new and useful bioflavonoid 
compounds and related compounds which include methyl p-hydroxyphenyllactate 
(MeHPLA), its analogs, chemical derivatives and chemically related compounds, 
phenylmethylene ketones, nitroalkenes, aurones, and chalcones as antitumor 
1 0 agents, inhibitors of proliferative cell growth and immunosuppressive agents. 

Background of the Invention 

There are two types of nuclear estrogen binding sites in normal and 

1 5 malignant tissues. Type I sites represent the classical estrogen receptor and 

nuclear Type II sites appear to mediate a specific nuclear response to estrogenic 
hormones. After estrogen administration, Type I receptor sites bind estradiol and 
this receptor-estrogen complex interacts with nuclear acceptor sites before the 
initiation of the transcriptional events that are associated with estrogen stimulation 
20 of tissue growth. In contrast, Type II sites bind estrogen with a higher capacity 
and a lower affinity than the classical estrogen receptor and do not appear to be 
translocated from the cytoplasm to the nucleus. Thus, although the levels of 
nuclear Type H sites are increased by estrogen administration, Type II sites remain 
in the cytoplasm after hormone administration. Nuclear Type II sites appear to 

2 5 mediate a specific nuclear response to estrogenic hormones and are highly 

correlated with uterine cellular hypertrophy and hyperplasia. Additionally, 
nuclear Type II sites are highly stimulated in malignant tissues such as mouse 
mammary tumors and human breast cancer. This observation is consistent with 
the findings that highly proliferative tissue has an increased number of nuclear 
' 3 0 Type II sites. Because the stimulation of nuclear Type H sites is closely correlated 
with the stimulation of uterine growth, it has been postulated that the Type H sites 
are the location for the mechanisms by which estrogens cause uterotropic 
stimulation. Furthermore, the presence of Type II sites on the nuclear matrix 
suggests a potential role in the regulation of DNA synthesis. 
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tumor which contains nuclear Type H sites should respond to treatment with 
MeHPLA, its analogs, such as phenylmethylene ketones, nitroalkenes, aurones, 
and chalcones, derivatives and chemically related compounds, including cancers 
of the pancreas, cervix, liver, brain, pituitary, prostate and other organ or tissue 
5 sites, as well as other cancers, such as leukemias, lymphomas, stromal myomas 
and leiomyomas, among others. Since MeHPLA also blocks estrogen stimulation 
of normal cell growth such as that in the rat uterus (Table I), analogs and 
chemically related compounds of MeHPLA are also useful for the treatment of 
uterine hyperplasia, cervical hyperplasia, endometriosis and benign prostatic 

1 0 hypertrophy. Because non-proliferating non-malignant cells normally have then- 
Type II sites bound with MeHPLA, the effects of the proposed compounds on 
non-malignant cell populations will be minimal to non-existent For this reason, 
MeHPLA, its analogs and chemically related compounds, such as 
phenylmethylene ketones, nitroalkenes, aurones, and chalcones, derivatives and 

1 5 chemically related compounds and physiologically acceptable salts thereof are 
also useful as prophylactic agents in the inhibition and prevention of cancer, 
autoimmune disease, graft vs. host disease and abnormal proliferation of non- 
malignant cells. 

20 The precise physiological role of Type II sites is unknown, but inhibition 

of the nuclear Type H sites is associated with antagonism of uterotropic responses 
to estrogen. This is true for steroid antagonists such as dexamethaspne, 
progesterone and triphenylethylene derivatives such as naf oxidine and 
clomiphene. While there is at least one endogenous inhibitor of estradiol binding 

25 to nuclear Type II sites, no specific inhibitors for the nuclear Type II sites had 

been identified previous to those identified by some of the inventors of the present 
invention. Furthermore, the inhibitors of the present invention are specific to 
nuclear Type II sites and do not interfere with estradiol binding to cytoplasmic or 
nuclear Type I estrogen receptors. 

30 

The inhibitors are identified as methyl 3-(4- hydroxyphenyl)-2- 
hydroxypropionate, its analogs, derivatives and chemically related compounds, 
such as phenylmethylene ketones, nitroalkenes, aurones, and chalcones, and 
physiologically acceptable salts thereof and are potent regulators of cell growth 
35 and proliferation in normal and malignant tissues, as well as in the regulation of 
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An additional object of the present invention is the treatment of human 
breast cancer, and other malignancies which contain unbound nuclear Type II 
sites. 

5 Another object of the present invention is the treatment of benign prostatic 

hyperplasia, cervical hyperplasia, uterine hyperplasia and endometriosis. 

An additional object of the present invention is to provide an 
immunosuppressive agent. 

10 

Summary of the Invention 

Many anti-cancer drugs possess immunosuppressive- activity (Seldin and 
Steinberg (1988) In: "Inflammation Basic Principles and Clinical Correlates", 
1 5 (Galin, Goldstein, Snyderman, eds.) Raven Press, Ltd., New York). Many of the 
commonly used immunosuppressive agents were originally designed as anti- 
cancer drugs. Immunosuppressive drugs have proven to be therapeutically 
effective in treating a variety of autoimmune diseases. 

20 An additional object of this invention is the treatment of autoimmune 

diseases, including, but not limited to, rheumatoid arthritis, multiple sclerosis, 
myasthenia gravis, diabetes mellitis, thyroiditis, uveoretinitis, systemic lupus 
erythematosus, Sjorgen's syndrome, autoimmune skin diseases, and others. 

25 An additional object of the present invention is to provide a treatment for 

graft vs. host disease and to prevent transplant rejections. 

Thus, in accomplishing the foregoing objects, there is provided in 
accordance with one aspect of the present invention a method of treating cancer 
"30 and autoimmune disease comprising the step of adrninistering a therapeutic dose 
of MeHPLA, its analogs, chemical derivatives or chemically related compounds. 
More specifically the compound is selected from the group consisting of the 
formula: 
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Wherein, Ri and R4 are selected from the group consisting of H and OH; 
R2 and R3 are selected from the group consisting of H, OH, OCH3, amino, 
5 alkylamino and alkyl groups containing 1 to 6 carbons, acyloxy, and halogens; R5 
is selected from the group consisting of H, OH, OCH3, acyloxy and halogens; R'i 
and R'2 are selected from the group consisting of H, OH, OCH3, amino, cyano, 
alkylamino groups of 1 to 6 carbon atoms, acyloxy, halogens and a-azido and 
aziridine derivatives, 3,4-dihydroxyphenylmethylene, p-hydroxyphenylmethylene 
1 0 and other substituted phenyl groups preferably with acyloxy or halogen 

substituents; R'3, R'4, R'5, R"l and R"2 are selected from the group consisting of H, 
OH, OCH3, amino, cyano, alkylamino groups of 1 to 6 carbon atoms, acyloxy, 
halogens and a-azido and aziridine derivatives and halogen substituted derivatives. 
When the chalcone R"i and R"2 is substituted to form an aziridine ring system, a 
" 1 5 three membered ring structure comprising the R"i and R M 2 carbons and a nitrogen 
atom is formed. Preferred compounds which may be used to practice the present 
invention may be selected from phenylmethylene ketones, nitroalkenes, aurones 
and chalcones. 
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Nitroalkenes most preferred for practicing the present invention include 
Kz-J/ \-CH=C— Re 

5 Wherein R h R 2 and R 3 are H, OH, OCH 3 , amino, alkyl or alkylamino 

groups of 1 to 6 carbon atoms, acyloxy and halogens, and Reis H, or alkyl group 
of 1 to 6 carbon atoms. 

Among the nitroalkenes most preferably used to practice the present 
1 0 invention are: HQ 

H0 _/~\-CH=C— CH 3 HO-f>— CH=C— CH, 

MV-N3 



MV-N1 

Among the aurones most preferable for practicing the present invention 



are: 

15 




Wherein R1-R4 and R'l-R's areH, OH, OCH3, amino, alkyl or alkylamino 

groups of 1 to 6 carbon atoms. 

.20 . 

The most preferable aurones useful in practicing the present invention are 

MV-19, MV-20 and MV-21. 
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The most preferable chalcones useful in practicing the present invention 

are: 




4-hydroxychalcone • 4-4'-dihydroxychalcone 




MV-47 



Another aspect of the invention involves the inhibition of the growth of 
proliferating cells which include a Type H nuclear estrogen binding site by the 
step of administering a biological inhibiting dose of MeHPLA, its analogs, 
chemical derivatives or chemically related compounds such as phenylmethylene 
1 0 ketones, nitroalkenes, analogs and chalcones to the proliferating cells. 

An additional aspect of the present invention is the inhibition of the 
proliferative growth of estrogen responsive tissues such as uterus, mammary 
gland, uterine tumors and mammary tumors. In one specific aspect, the above 
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laaireo iSBaiq ireamq jo juauuBau aqi joj pasn uaaq aABq spunoduioo pauopuaui 
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Wherein, Ri is selected from the group consisting of H, alkyl groups 
5 containing 1 to 6 carbons, and aryl groups; R2 and R3 are selected from the group 
consisting of H, OH and OCH3 and R4 is selected from the group consisting of H, 
or alkyl group containing 1 to 6 carbons. Preferred compounds which may be 
used to practice the present invention may be selected from the group consisting 
of methyl 3-(4-hydroxyphenyl)-2-hydroxypropionate, n-propyl 3-(4r 
1 0 hydroxyphenyl)-2-hydroxypropionate, n-butyl 3-(4-hydroxyphenyl)-2- 

hydroxypropionate, 3-(4-hydroxyphenyl)-2-propenoic acid, 4-(4-hydroxyphenyl> 
2-butanone, l-(4-hydroxyphenyl)-3-pentanone, methyl (4- 
hydroxyphenoxy)acetate, and methyl 3-(3,4-dihydroxyphenyl)-2-propenoate. 
and 
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Another aspect of the present invention is the provision of an 
immunosuppressive agent which comprises analogs of MeHPLA, including, but 
not limited to, phenylmethylene ketones, nitroalkenes, aurones, and chalcones, 
derivatives and chemically related compounds and physiologically acceptable salts 
5 thereof. 

Another aspect of the present invention is prophylactic agents to inhibit 
and prevent cancer, autoimmune disease, graft versus host disease and non- 
malignant cell growth. These prophylactic agents include the above-mentioned 
1 0 MeHPLA, its analogs, including but not limited to, phenylmethylene ketones, 
nitroalkenes, aurones, and chalcones, chemical derivatives or chemically related 
compounds and pharmaceutically acceptable salts thereof. 

Other and further objects, features and advantages will be apparent from 

1 5 the following description of the presently preferred embodiments of the invention 

given for the purpose of disclosure. 

Brief Description of the Figures 

2 0 Figure 1 represents the competition of MV-3, MV-12 and MV-88 for 

[ 3 H]estradiol binding to nuclear Type II sites. 

Figure 2 represents the analysis of nuclear type II binding sites in popliteal 
Lymph node nuclei. 

25 

Figure 3 represents the effects of MV-3, MV-12, and MV-88 on MCF-7 
human breast cancer cell proliferation. 

Figure 4 represents the effects of the compounds of the present invention 
'30 on Mouse Mammary tumor growth in vivo. 



Figure 5 represents the effects of MV-19, MV-20 and MV-21 on mouse 
mammary tumor growth in vivo. 
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R3 "3 

5 Wherein, Ri is selected from the group consisting of H, alkyl groups 

containing 1 to 6 carbons, and aryl groups; R2and R3 are selected from the group 
consisting of H, OH and OCH3 and R4 is selected from the group consisting of H, 
or alkyl group containing 1 to 6 carbons. Preferred compounds which may be 
used to practice the present invention may be selected from the group consisting 
1 0 of methyl 3-(4-hydroxyphenyl)-2-hydroxypropionate, n-propyl 3-(4- 
hydroxyphenyl)-2-hydroxypropionate, n-butyl 3-(4-hydroxyphenyl)-2- 
hydroxypropionate, 3-(4-hydroxyphenyl)-2-propenoic acid, 4-(4-hydroxyphenyl> 
2-butanone, l-(4-hydroxyphenyl)-3-pentanone, methyl (4- 
hydroxyphenoxy)acetate, and methyl 3-(3,4-dihydroxyphenyl)-2-propenoate. 

15 

Another aspect of the invention provides a method of treating cancer and 
pathological conditions of the immune system, including, but not limited to, 
autoimmune diseases and graft vs. host disease, comprising administering a 
therapeutic dose of a compound selected from the group consisting of the 
20 formulas: 
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Phenylmethylene ketones most preferred for practicing the present 
invention include 




O R, 




Wherein Ri, and R4 are H; OH, acyloxy or halogens, R2 and R3 are OH, 
OCH3, amino, alkyl or alkylamino groups of 1 to 6 carbon atoms or halogens, R'i» 
and R'2 are H, CH 3 , or phenylmethylene having p-hydroxy, 3,4-dihydroxy, 
1 0 acyloxy and halogen ring subtituents and R' 3 is H, OH, CH 3 ,OCHj and alkyl 
groups from 1-6 carbon atoms. 

Most preferably the phenylmethylene ketones which may be used to 
practice the present invention are selected from the group consisting of 

1 5 M w_i 




MV-18 
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Among the chalcones most preferable for practicing the present invention 




2'-hydroxychalcone 



¥ V-oh 




2\4',4-trihydroxychalcone 




4-hydroxychalcone 




4-4'-dihydroxychalcone 




MV-35 




The term "individual" is meant to include animals and humans. 

The term "biologically inhibiting" or "inhibition" of the growth of 
1 0 proliferating cells is meant to include partial or total growth inhibition and also is 
meant to include decreases in the rate of proliferation or growth of the cells. The 
biologically inhibitory dose of the compounds of the present invention may be 
determined by assessing the effects of the test compound on malignant cell growth 
in tissue culture (see Figure 3), uterine growth in the animal (see Figures 14 and 
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solvent with which the compounds of the present invention are compatible and 
which are non-toxic to the individuals treated at the amounts administered. 

Most preferably, the compounds of the present invention are administered 
5 as an encapsulated composition. Due to the low aqueous solubility of many of the 
compounds effective in carrying out the present invention, another aspect of the 
present invention comprises the drug delivery system of the compounds of the 
present invention encapsulated in cyclodextrin, liposomes or as silastic implants. 
However, the compounds of the present invention may be encapsulated by other 
1 0 methods and with other compounds by methods known to those skilled in the art. 

The term "antitumor agent" is meant to include agents which decrease cell 
growth, or inhibit the proliferation of tumor cells when administered to said tumor 
cells in an effective dose. 



One specific embodiment of this invention is an antitumor agent including 
MeHPLA, its analogs, chemical derivatives or chemically related compounds. 
Specific examples of MeHPLA analogs are derivatives of the general formula 
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Other compounds with antitumor activity are the derivatives of l-(4- 
hydroxyphenyl)-3-butanone, such as compounds with the formula: 




5 

Wherein, Rl is selected from the group consisting of H, alkyl groups 
containing 1 to 6 carbons, and aryl groups; R2 and R3 are selected from the group 
consisting of H, OH and OCH3 and R4 is selected from the group consisting of 

10 H, or alkyl group containing 1 to 6 carbons. Preferred compounds which may be 
used to practice the present invention may be selected from the group consisting 
of methyl 3-(4-hydroxyphenyl)-2-hydroxypropionate, n-propyl 3-(4- 
hydroxyphenyl)-2-hydroxypropionate**, n-butyl 3-(4-hydroxyphenyl)-2- 
hydroxypropionate, 3-(4-hydroxyphenyl)-2-propenoic acid, 4-(4-hydroxyphenyl> 

1 5 2-butanone, l-(4-hydroxyphenyl)-3-pentanone, methyl (4- 

hydroxyphenoxy)acetate, and methyl 3-(3,4-dihydroxyphenyl)-2-propenoate. 

Ketone derivatives include compounds with a methyl, ethyl, n-propyl, n- 
butyl, isopropyl, tert-butyl or aryl group at the Ri position, H, OH or OCH 3 group 
20 at the R2 and R 3 positions; and most preferably H at the R 2 position and OH at the 
R3 position. 

Additionally, as can be seen by the formulae, the number of CH2 groups 
between the aromatic entity and the keto group can be varied. Specific examples 
25 of compounds are l-(4-hydroxyphenyl)-3-pentanone and l-(4-hydroxyphenyl)-3- 
butanone. These compounds have been shown to bind to Type II sites and to have 
antitumor and anti-proliferative activity in the uterotropic assay. 
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Another group of compounds which show tumor anti-prolif erative action is 
described by the general formulas: 



R3 "3 



Wherein Ri is from the group consisting of H, alkyl groups containing 1 to 
6 carbons, and substituted or unsubstituted aryl groups; and R 2 and R 3 are selected 
from the group consisting of H, OH and OCHj Preferred compounds of this 
group which may be used to practice the present invention are: 
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2'-hydroxychalcone 



4-hydroxychalcone 



2\4\4-trihydroxychalcone 



4-4'-dihydroxychalcone 
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Mv-47 



<~nV61>ZZU6 om> aiooasNa- 



•juaurreaii aqi ut pasn aq Xnnjssaoons 
ueo spunoduioo paquosap-aAoqB aqi qonj/\ ut asBastp anssp aApBiaiuoid b jo 
qdurexa jaipoire si BistqdradAq opmscud uSiuag -asuasip snp ioj Aduiaip aApoaiia o Z 
ub sptAOid smp pire stpo laotreo jSBaiq UBnmii jo ajtobobo aApBiaiuoid aqi iiquiui 
spunoduioo paquosap-aAoqB aqx "sjouiru Xjmmnmu pus siouinj autiajn 'pirepl 
ajbuiuibiu 'sruain sb qons sanssp aAisuodsai uaSonsa apnput spunoduioo asaqi jo 
Suipuiq aip oj aApisuas are qoiqM. sjpo SupBiajppid oiipads •ui/kojS pao arepSaj 

puB sans Suipuiq uaSoasa leapnu n adXx oj puiq spunoduioo asauj. g I 

•ajxs Suipuiq uaSojjsa iBaionu jj sdAj, * apnxom 
qouiM. STjao asoip ui uopBiajpaid pire qiMoiS pao J° siojiqnnn sb pjasn osre aie 
sjuaSB jouuitoub asaip MaouBO 101 iuautrea.ii b sb pasn Suiaq 01 uopipps ui 

01 

•spunoduioo louinipire paquosap-aAoqB aqi jo aub aq ubo 'punoduioo siuj, 
•spunoduioo parepi ApBOuuaqo jo saAUBAtiap poituaqo 'sSoreire sit 'vidHPIM 
10 asop opnadtuaip b SuuaisuiaapB jo dajs aip Suisudtnoo jaoireo SupBaij 
joj potpaui b sapnjoui uopuaAUi luasaid aip jo juaunpoquia latpouv 

S 

•joaiaip sires apBidaooB AireopnaoBtniBqd pue spunoduioo pareiai 
ApBonuaqo puB saApBAuap pjouuaqo 'sSoreire 'auo-^-uajnq-g-QXuaqdiCxoipXq 
■p )-f puB auo-i-uadojd-^-iXuaqd-Hl^uaqdXxojpXq-i7)-£ are uopuaAUi 
juasaid aip SuppoBid joj dnoiS snp jo spunoduioo paxraiaid jsot^i 



WO 91/17749 



-29- 



PCT/US91/03130 



Another group of compounds which show tumor anti-proliferative and 
immunosuppressive action is described by the general formulas: 

^V-^COOR, ^y^^COOR, VyV^^ 



jxr** 

^Xf , Rs^ , R ° 



Wherein Ri is from the group consisting of H, alkyl groups containing 1 to 
6 carbons, and substituted or unsubstituted aryl groups; and R2and R3 are selected 
from the group consisting of H, OH and OCH3. Preferred compounds of this 
1 0 group which may be used to practice the present invention are: 
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dose of MeHPLA, its analogs, including, but not limited to, phenylmethylene 
ketones, nitroalkenes, aurones, and chalcones, chemical derivatives or chemically 
related compounds. This compound, can be any of the above-described antitumor 
or immunosuppressive compounds. 



10 



20 



30 



Example 1 
[3H]Estradiol Binding Assay 



A variety of rat tissues possess an endogenous ligand which blocks 
[3H]estradiol binding to Nuclear Type B estrogen binding sites; however, this 
compound does not interfere with [3H]estradiol binding to the estrogen receptor. 
Uterine tissue from estradiol-implanted rats was dissected from host animals. The 
uterine nuclei were prepared as previously described in Markaverich, B. M. et al., 
1 5 J. Biol. Chem. 258:11663-11671 (1983), the disclosure of which is herein 

incorporated by reference. Uterine nuclei were prepared from estrogen-implanted, 
adult-ovariectomized rats. The washed nuclear pellet was diluted to 10 mg of fresh 
uterine equivalents/ml. At this concentration the effects of the endogenous 
inhibitor were minimal, and Nuclear Type B sites bound maximum quantities of 
[3H]estradiol. Aliquots of these nuclei and various concentrations of the 
compounds of the present invention were incubated at about 4°C for 
approximately 60 min in the presence of 40 mM of ^estradiol with and without 
12 uM diethylstilbestrol. Under these conditions, nuclear Type II sites were 
quantitatively measured without interference from Type I sites. The nuclear 
25 pellets were resuspended in 1 ml of 10 mM Tris-1.5 mM EDTA and centrifuged, 
ethanol extracted, and counted. The results were expressed as the percentage of 
[3H]estradiol bound as compared to the buffer control, or as the percentage of 
inhibition where 100% bound was 0% inhibition and was equivalent to 
approximately 45,000 cpm. Figure 1 demonstrates representative data showing 
that concentrations of these compounds above lOnM competed for the 
[3H]estradiol Nuclear Type B sites. The results represented by Figure 1 represent 
the mean + standard error of the mean for triplicate determinations in four 
replicate experiments for each preparation. 
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Table I Effects of MV-Compounds on Type H Binding Sites, MCF-7 
Human Breast Cancer Cell Proliferation in vitro, and Mouse Mammary 
Tumor Growth in vivo. 



Compound 



Type H Sites 3 
(Ki, mM) 



Cell Proliferation 0 
(Ki, ug/ml) 



Tumor Growth 0 



Phenylmethylene Ketones 



10 



MV-1 
MV-3 
MV-17 
MV-18 



34.00 
0.06 
0.500 
0.800 



Inactive 
1.00 
1.60 
1.00 



Not Tested 



Not Tested 
Not Tested 



Nitroalkenes 

15 MV-N1 ?10.0 1.40 Not Tested 

MV-N3 0.220 0.80 Not Tested 



Aurones 



20 MV-19 10.0 8 00 Negative 

MV-20 2.800 1.90 + 

MV-21 0.08 0.78 +++ 



Chalcone-Cyclodextrin Complex 

25 

MV-88CD Not Tested 3.00 +++ 

a Ki is the concentration (mM) of the compound required to inhibit [ 3 H]estradiol binding to 
Nuclear Type II sites by 50% (see Figure 5). b Ki is the concentration (mg/ml) required to inhibit 
3 0 MCF-7 human breast cancer cell proliferation by 50% (see Figure 5). c This compound inhibited 
the growth of well differentiated mouse mammary adenocarcinomas in vivo (see Figures 7-9). 

In order to test whether Nuclear Type EL binding si-s were also present in 
tissues of the immune system, popliteal lymph node nuclei were prepared and 
3 5 analysis of Nuclear Type II binding sites were performed by [3ffjestradiol 
exchange. Popliteal lymph nodes were removed from mature female mice, 
dissected from extraneous tissue, weighed and homogenized in TE buffer (10 mM 
Tris; 1.5 mM EDTA, pH 7.4). The homogenate was centrifuged at 800 x g for 20 
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estrogenic hormones. Furthermore, they are inhibited by well-known anti- 
estrogens such as Tamoxifen. The MCF-7 cells were plated at 5 x 10 5 cells/dish 
in 30 mm petri dishes and grown in Dulbecco's Modified Eagles Medium 
containing about 10% charcoal stripped fetal bovine serum for approximately 48 
5 hours. During this interval, the cells attached to the plastic dishes and then 
underwent exponential growth with a cell-doubling time of approximately 24 
hours. The plated cells were allowed to attach for approximately 48 hours and the 
medium was replaced ("day zero"). The cells were allowed to grow exponentially 
for about 6 days. At day zero the cells were treated with doses ranging from 0.1- 
1 0 10 ug/ml of the compound of interest, for example, methyl p- 

hydroxyphenyllactate, in 10 ul of ethanol. The medium was changed at about 2 
and 4 days. The control and test solutions were also re-added when the medium 
was changed. On day 6 the cells were harvested, counted on a hemocytometer 
and DNA content per dish was determined by the Burton assay (Burton, K., 

1 5 Biochem. J. 62:315-323, 1956). Results are expressed as cells/dish or DNA 

content (ug/dish) at 6 days following treatment The results are shown in Figure 3. 

The effects of compounds MV-3, MV-12, and MV-88 on MCF-7 cell 
proliferation were assessed. MCF-7 cells were plated at 2 x lO^cells/well in 

2 0 Dulbecco's Modified Eagles Medium (DMEM) containing 10% fetal calf serum. 

After 24 hours, the cells were treated with concentrations of MV-3, MV-12 or 
MV-88 at concentrations ranging from 10 2 to 10 5 ng/ml dissolved in 10 ul 
ethanol. Controls were treated with an equivalent volume of ethanol. The cell 
number was determined 48 hrs following treatment. As demonstrated in Figure 3, 
25 MV-3, MV-12, and MV-88 also inhibited the proliferation of MCF-7 human 
breast cancer cells. The proliferation of Y-79 retinoblastoma cells, ME-180 
human cervical cancer cells and human melanoma cells was also inhibited (data 
not shown). Utilizing similar data derived from inhibition curves for all of the 
compounds shown in Table E, the Ki's for cell inhibition was determined. The Ki 
'30 for inhibition is defined as the concentration of drug (ug/ml) required to inhibit 
cell proliferation by 50%. 
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proliferation (i.e., cells with fewer or no unbound nuclear Type n sites). These 
rapidly proliferating cells are brought back into regulation and cell proliferation is 
decreased by administering a therapeutic dose of the inhibitors described in the 
present invention. The experimental protocol utilized for assessing the effects on 
5 human melanoma cells (HS0294 cells) was identical to that described above for 
MCF-7 cells. 

Example 3 

! o In Vivo Inhibition of Mammary Tumor Growth 

To assess drug effects on tumor growth in vivo, a transplantable mouse 
mammary tumor model system was utilized. This tumor model and its use as an 
assay for anti-tumor drugs has been previously described by Markaverich et al. 

1 5 Cancer Res. 43:3208 (1983) and is incorporated herein by reference. Briefly, 

syngeneic female mice bearing transplanted mammary tumors were divided into 
experimental groups as indicated. When the tumors were approximately 0.5 x 0.5 
cm in size (length x width) (day 0), the animals were treated with blank silastic 
capsules (controls), or silastic capsules containing 25 mg of the test compound. 

2 0 Tumor size (length x width) was monitored at the indicated times following 

treatment. These implants continuously released 450 ng of the compound daily. 
Figure 4 demonstrates that MV-3. MV-12 and MV-88 inhibited the growth of 
these tumors as compared to controls. Similarly, an excellent correlation was 
observed between binding affinity (Table I) and the anti-tumor activity of MV-19, 

2 5 MV-20 and MV-21 (Figure 19). 

Example 4 
Utertropic Assay 

'30 

The rat uterus is exquisitely sensitive to estrogen, and this hormone 
stimulates uterine cellular hypertrophy, hyperplasia and DNA synthesis within 24 
hours following a single injection. Estradiol stimulation of nuclear Type II sites is 
a prerequisite for these responses. This assay includes injecting immature female 

3 5 rats with saline-ethanol vehicle, estradiol-17l and the test compound of interest. 
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binds to nuclear Type II sites with a 20-fold lower affinity than methyl p- 
hydroxyphenyllactate. 

Previous results demonstrated that the bound/unbound ratio of nuclear 
Type n sites is important in the regulation of cell growth and that the primary 
bound inhibitor in normal cells is methyl p-hydroxyphenyllactate (Markaverich et 
al. 1988). 

Since the data demonstrated that tumor cells have the ability to inactivate 
methyl p-hydroxyphenyllactate, the analogues and chemically related compounds 
described in this invention were synthesized to avoid this inactivation. Thus, 
administration of compounds with various side-chains and various substituents on 
the aromatic ring resulted in inhibition of uterine growth. 

One compound l-(4-hydroxyphenyl)-3-butanone (p- 
hydroxyphenylbutanone) which includes a C-terminal methyl group is not subject 
to the esterase cleavage since the methyl group is attached by a C-C bond. This 
compound is more stable and thus a better inhibitor in culture and in vivo. 
Furthermore, experiments with l-(4-hydroxyphenyl)-3-butanone demonstrated 
that it binds to the nuclear Type H sites with a high affinity and blocks estradiol 
stimulation of uterine growth when injected into immature rats. Thus, l-(4- 
hydroxyphenyl)-3-butanone is an effective inhibitor of tumor growth and regulator 
of cell proliferation. 

Many of the compounds of the present invention, particularly 
phenylmethylene ketones, nitroalkenes, aurones, and chalcones, have very low 
solubility in aqueous solutions such as those commonly used as injection vehicles. 
This insolubility causes major problems with drug delivery and potential use 
clinically. To improve drug solubility and delivery, the compounds may be 
encapsulated to improve their delivery. Among the types of drug delivery systems 
useful in the present invention are incorporation into liposomes and encapsulation 
in cyclodextrins. 
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and the concentration of MV-88 in the sample (OD 268 reading) was determined 
from the slope of the standard curve. Typical values were approximately 1 mg 
MV-88 per 12 mg cyclodextrin MV-88 complex. 

5 To test the effectiveness of the compounds of the present invention to 

inhibit tumor growth when encapsulated in cyclodextrin, MV-88 encapsulated in 
cyclodextrin was dissolved in saline vehicle and administered by subcutaneous 
injection to mammary tumor bearing mice. MV-88 is insoluble under aqueous 
conditions. However, MV-88 cyclodextrin (MV-88 CD; Table II) inhibited mouse 

1 0 mammary tumor growth in a dose-dependent fashion (Figure 6). When 

administered by injection in other vehicles such as dimethylsulfoxide saline, MV- 
88 was not as effective at inhibiting the growth of this tumor as when administered 
after cyclodextrin encapsulation. However, MV- 88, when administered in a 
continuous fashion by silastic implant (Figure 4), significantly inhibited tumor 
1 5 growth. 

Mice bearing transplantable mammary tumors were implanted with silastic 
capsules containing 25 mg of the test compound. Controls were implanted with 
blank capsules and tumor size (length x width) was determined at the 0, 3, 6 and 
20 14 days following implantation. The capsules releases approximately 450 ng of 
test compound per day (about 10-15 mg/Kg of body weight). No significant 
effects on the body weights of the treated animals relative to controls were 
observed throughout the experimental period. Figure 4 demonstrates that 
treatment of mouse mammary tumors with MV-3, MV-12, and MV-88 in silastic 

2 5 implants caused a complete inhibition of the growth of the mammary tumor in 

vivo. However, treatment of mice bearing transplantable mammary tumor with 
silastic capsules containing MV-19 and MV-20 caused no significant growth 
inhibition relative to the controls because MV-19 and MV-20 are not released 
efficiently from the silastic capsules. Therefore, these compounds were 
' 3 0 administered by cyclodextrin encapsulation procedures which enhanced their 
solubility in aqueous injection vehicles. These structure activity studies 
demonstrated that there was a precise structure/activity relationship between 
binding affinity and tumor growth inhibition observed with MV-19, MV-20 and 
MV-21. MV-19 and MV-20 did not bind to nuclear type II sites with high 
35 affinity, and did not inhibit mammary tumor growth. However, MV-21 was found 
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developed severe, bilateral anterior uveitis and posterior uveoretinitis by day 9 or 
day 10 following immunization. Experimental animals were given intraperitoneal 
injections of 10 mg of MV-3 on Days 0, 3 and 7. 

5 The MV-3 potent immunosuppressive activity is demonstrated by 

experiments illustrated in Figure 7. Figures 7a and 7b demonstrate that 9 days 
after immunization of Lewis rats with interphotoreceptor retinoid binding protein 
(IRBP) peptide #896 there is a 100% induction of severe, bilateral, panuveitis. In 
contrast, the disease in MV-3 treated rats (Figure 7c) was totally blocked. There 

1 0 was only a mild uveitic response in some of the MV-3 treated rats at Day 15 

(Figure 7 c). These results indicate that there is suppression of the autoimmune 
response at its usual point of onset with a lag period in which only mild disease 
develops approximately 6 days later, apparently occurring after active levels of the 
MV-3 have diminished. In addition, the typical inflammatory response at the foot 
15 pad immunization site in MV-3 treated rats was also inhibited. These results 

suggest that MV-3 and related compounds also have anti-inflammatory properties. 
MV-3 as well as other compounds of the present invention provide a useful 
method for treating and/or preventing other autoimmune diseases, including, but 
not limited to, rheumatoid arthritis, multiple sclerosis, myasthenia gravis, diabetes 

2 0 mellitis, thyroiditis, systemic lupus erythematosus, Sjorgen's syndrome, 

autoimmune skin diseases, and others. In addition, MV-3 and related compounds 
provide a useful treatment for graft vs host disease and prevention of transplant 
rejections. 

25 One skilled in the art will readily appreciate that the present invention is 

well adapted to carry out the objects and obtain the ends and advantages 
mentioned, as well as those inherent therein. The compounds, methods, 
procedures and techniques described herein are presendy representative of the 
preferred embodiments, are intended to be exemplary, and are not intended as 
' 3 0 limitations on the scope of the present invention. Changes therein and other uses 
will occur to those skilled in the art which are encompassed within the spirit of the 
invention and are defined by the scope of the appended claims. 

One skilled in the art will readily appreciate that the present invention is 

3 5 well adapted to carry out the objects and obtain the ends and advantages 
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Claims : 

1. A method of treating cancer, comprising the step of administering a 
therapeutic dose of a compound selected from the group consisting of: 




Wherein, Ri and R4 are selected from the group consisting of H and OH; 
R 2 , R3 and Re are selected from the group consisting of H, OH, OCH3, amino, 
alkylamino and alkyl groups containing 1 to 6 carbons, acyloxy, and halogens; R5 
is selected from the group consisting of H, OH, OCH3, acyloxy and halogens; R'i 

I 0 and R'2 are selected from the group consisting of H, OH, OCH 3 , amino, cyano, 
alkyl or alkylamino groups of 1 to 6 carbon atoms, acyloxy, halogens, a-azido and 
aziridine derivatives, 3,4-dihydroxyphenylmethylene, p-hydroxyphenylmethylene 
and other substituted phenyl groups preferably with acyloxy or halogen 
substituents; R' 3 , R4, R'5, R"i and R" 2 are selected from the group consisting of 

15 H, OH, OCH3, amino, cyano, alkyl or alkylamino groups of 1 to 6 carbon atoms, 
acyloxy, halogens, a-azido, aziridine, acyloxy and halogen substituted derivatives. 
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4. The method of Claim 1, wherein said compound is 




5 Wherein, Rl and R4 are selected from the group consisting of H and OH; 

R2, R3 and R*3 are selected from the group consisting of H, OH, OCH3, amino, 
alkylamino and alkyl groups containing 1 to 6 carbons; and R'l and R*2 are 
selected from the group consisting of H, CH3, OH, OCH3, 3,4 
dihydroxyphenylmethylene, p-hydroxyphenylmethylene and other substituted 
1 0 phenyl groups. 

5. The method of Claim 1, wherein said compound is: 




Wherein Ri, R 2 and R 3 are H, OH, OCH 3 , amino, alkyl or alkylamino 
groups of 1 to 6 carbon atoms, acyloxy and halogens, and Reis H, or alkyl group 
of 1 to 6 carbon atoms. 

20 6. The method of Claim 1, wherein said compound is: 




Wherein R1-R4 and R'l-R's are H, OH, OCH3, amino, alkyl or alkylamino 
groups of 1 to 6 carbon atoms. 
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alkylarnino and alkyl groups containing 1 to 6 carbons, acyloxy, and halogens; R5 
is selected from the group consisting of H, OH, OCH3, acyloxy and halogens; R'i 
and R'2 are selected from the group consisting of H, CH3, OH, OCH3, 3,4- 
dihydroxyphenylmethylene, p-hydroxyphenylmethylene and other substituted 
5 phenyl groups preferably with acyloxy or halogen substituents; R3, R4, R's. R"i 
and R"2 are selected from the group consisting of H, OH, OCH3, amino, cyano, 
alkyl or alkylamino groups of 1 to 6 carbon atoms, acyloxy, halogens, a-azido, 
aziridine, acyloxy and halogen substituted derivatives. 

0 9. The method of Claim 8, wherein said compound is selected from the 

group consisting of the formulae: 




10. The method of Claim 9, wherein said compound is selected from the 
group consisting of the formulae: 




Wherein, Rl and R4 are selected from the group consisting of H and OH; 
R2, R3 and R*3 are selected from the group consisting of H, OH, OCH3, amino, 
alkylamino and alkyl groups containing 1 to 6 carbons; and R'I and R'2 are 
selected from the group consisting of H, CH3, OH, OCH3, 3,4 
25 dihydroxyphenylmethylene, p-hydroxyphenylmethylene and other substituted 
phenyl groups. 
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Wherein Ri, R 2 and R 3 are H, OH, OCH 3 , amino, alkyl or alkylamino 
groups of 1 to 6 carbon atoms, acyloxy and halogens, and R6 is H, or alkyl group 
of 1 to 6 carbon atoms. 

14. The method of Claim 8, wherein said compound is: 
R'1 R'2 




1 0 Wherein R1-R4 and R'i-R' 5 are H, OH, OCH3, amino, alkyl or alkylamino 

groups of 1 to 6 carbon atoms. 

15. The method of Claim 8, wherein said compound is: 




15 

Wherein R1-R5 and R'i-R's, R"l and R" 2 are H, OH, OCH3, amino, cyano, 
alkyl or alkylamino groups of 1 to 6 carbon atoms, acyloxy, halogens, a-azido, 
aziridine, acyloxy and halogen substituted derivatives. 

20 

16. The method of Claim 8, wherein said proliferating cells are estrogen 
responsive tissue selected from the group consisting of uterus, mammary gland, 
uterine tumors and mammary tumors. 

25 17- The method of Claim 16, wherein said estrogen responsive tissue is 

human breast cancer cells. 
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19. The method of Claim 18, wherein said compound is selected from the 
group consisting of the formulae: 

P R 1 





10 



15 



20 



Wherein Ri, and R4 are H; OH, acyloxy or halogens, R2 and R3 are OH, 
OCH3, amino, alkyl or alkylamino groups of 1 to 6 carbon atoms or halogens, R'i, 
and R' 2 are H, CH3, or phenylmethylene having p-hydroxy, 3,4-dihydroxy, 
acyloxy and halogen ring subtituents and R' 3 is H, OH, CH 3 ,OCH 3 and alkyl 
groups from 1-6 carbon atoms. 

20. The method of Claim 18, wherein said compound is : 




Wherein, Ri and R4 are selected from the group consisting of H and OH; 
R 2 , and R3 are selected from the group consisting of H, OH, OCH3. amino, 
alkylamino and alkyl groups containing 1 to 6 carbons; and R'i and R' 2 are 
selected from the group consisting of H, CH 3 > OH, OCH3, 3,4 
dihydroxyphenylmethylene, p-hydroxyphenylmethylene and other substituted 
phenyl groups. 
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24. The method of Claim 18, wherein said compound is: 




Wherein R1-R5, R'i-R'5, R"l and R" 2 are H, OH, OCH3, amino, cyano, 
alkyl or alkylamino groups of 1 to 6 carbon atoms, acyloxy, halogens, a-azido, 
aziridine, acyloxy and halogen substituted derivatives. 

10 25. A method of administration of a therapeutic dose of a compound 

selected from the group consisting of: 




15 
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Wherein, Ri and R4 are selected from the group consisting of H and OH; 
R 2 , R3 and R6 are selected from the group consisting of H, OH, OCH3, amino, 
alkylamino and alkyl groups containing 1 to 6 carbons, acyloxy, and halogens; R5 
is selected from the group consisting of H, OH, OCH3, acyloxy and halogens; R'i 
5 and R'2 are selected from the group consisting of H, CH3, OH, OCH3, 3,4- 
dihydroxyphenylmethylene, p-hydroxyphenylmethylene and other substituted 
phenyl groups preferably with acyloxy or halogen substituents; R'3, R4, R's> R"l 
and R"2 are selected from the group consisting of H, OH, OCH3. amino, cyano, 
alkyl or alkylamino groups of 1 to 6 carbon atoms, acyloxy, halogens, a-azido, 
1 0 aziridine, acyloxy and halogen substituted derivatives. 

27. A method of treating autoimmune disease, comprising the 
administration of a therapeutic dose of a compound selected from the group 
consisting of: 

15 




Wherein, Ri and R4 are selected from the group consisting of H and OH; 
R2, R3 and R6 are selected from the group consisting of H, OH, OCH3, amino, 
2 0 alkylamino and alkyl groups containing 1 to 6 carbons, acyloxy, and halogens; R5 
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30. The method of Claim 27, wherein said compound is 



R 'i 




R 



5 



Wherein Ri, and R4 are H; OH, acyloxy or halogens, R2 and R3 are OH, 
OCH3, amino, alkyl or alkylamino groups of 1 to 6 carbon atoms or halogens, R'\> 
and R'2 are H, CH3, or phenylmethylene having p-hydroxy, 3,4-dihydroxy, 
acyloxy and halogen ring subtituents and R'3 is H, OH, CH3 ,OCH3 and alkyl 
1 0 groups from 1-6 carbon atoms. 



Wherein Ri, R 2 and R 3 are H, OH, OCH3, amino, alkyl or alkylamino 
groups of 1 to 6 carbon atoms, acyloxy and halogens, and R6 is H, or alkyl group 
of 1 to 6 carbon atoms. 



31. The method of Claim 27, wherein said compound is: 




15 
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32. The method of Claim 27, wherein said compound is: 
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36. A method for inhibiting the growth of proliferating cells which 
include a Type II nuclear estrogen binding site comprising the step of 
administering a biologically inhibiting dose of a compound selected from the 
group consisting of: 2-(hydroxybenzylidene)-5-methyl-cyclopentanone (MV-1), 

5 2,6-bis(4-hydroxybenzylidene)-4-methyl-cyclohexanone (MV- 17), 2,6-bis(3,4- 
dihydroxybenzylidene)-4-methyl cyclohexanone (MV-1 8), 4-hydroxy-J-methyl-/- 
nitrostyrene (MV-N1), 3,4-dihydroxy-J-methyl-J-nitrostyrene (MV-N3), aurone 
(MV-19), 4-hydroxyaurone (MV-20), 3',4-dihydroxyaurone (MV-21), 2'- 
hydroxychalcone (MV-72), 2 , ,4 , > 4-trihydroxychalcone (RV-40), 4- 
1 0 hydroxychalcone (RV-73), 4,4 , -hydroxychalcone (MV-88), a-azido-2- 

hydroxychalcone (MV-35), 3,4-dihydroxy-4'-cyanochalcone (MV-46) and 4'- 
cyanochalcone (MV-47). 

37. A method for treating benign prostatic hyperplasia, comprising the 

1 5 step of acirninistering a therapeutic dose of a compound selected from the group 

consisting of: 2-(hydroxybenzylidene)-5-methyl-cyclopentanone (MV-1), 2,6- 
bis(4-hydroxybenzylidene)-4-methyl-cyclohexanone (MV-17), 2,6-bis(3,4- 
dihydroxybenzylidene)-4-methyl cyclohexanone (MV-18), 4-hydroxy-J-methyl-J- 
nitrostyrene (MV-N1), 3,4-dihydroxy-J-methyl-J-nitrostyrene (MV-N3), aurone 

2 0 (MV- 19), 4 -hydroxyaurone (MV-20), 3',4-dihydroxyaurone (MV-21), 2'- 

hydroxychalcone (MV-72), ^4',4-trihydroxychalcone (RV-40), 4- 
hydroxychalcone (RV-73), 4,4'-hydroxychalcone (MV-88), a-azido-2'- 
hydroxychalcone (MV-35), 3,4-dihydroxy-4'-cyanochalcone (MV-46) and 4'- 
cyanochalcone (MV-47). 

25 

38. A method for inhibiting the growth of proliferating cells comprising 
administration of a biologically inhibiting dose of a compound selected from the 
group consisting of: 2-(hydroxybenzylidene)-5-methyl-cyclopentanone (MV-1), 
2,6-bis(4-hydroxybenzylidene)-4-methyl-cyclohexanone (MV-17), 2,6-bis(3,4- 

' 3 0 dihydroxybenzylidene)-4-methyl cyclohexanone (MV- 1 8), 4-hydroxy-J-methyl-J- 
nitrostyrene (MV-N1), 3,4-dihydroxy-J-methyl-J-nitrostyrene (MV-N3), aurone 
(MV-19), 4'-hydroxyaurone (MV-20), 3',4-dihydroxyaurone (MV-21), 2'- 
hydroxychalcone (MV-72), Z^'^-trihydroxychalcone (RV-40), 4- 
hydroxychalcone (RV-73), 4,4'-hydroxychalcone (MV-88), a-azido-2*- 
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41 . The method of claim 40, wherein said compound is selected from 
the group consisting of the formulae: 

:xnr >^ co " >^ R ' 



wherein, Ri is selected from the group consisting of H, alkyl groups 
containing 1 to 6 carbons and aryl groups; R.2 and R3 are selected from the group 
consisting of H, OH, OCH3; and R4 selected from the group consisting of H and a 
alkyl group of 1 to 6 carbons. 
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